We report on the first to our knowledge direct diode-pumped Ti:sapphire ultrafast regenerative amplifier system. Pumped with CW 450nm fiber-coupled laser diode modules and employing cryocooling of the ti:sapphire, this first implementation produces multi-µJ pulse energy at 50-250 kHz rep rate. We discuss the unique challenges as well as the solutions to these challenges for this laser system. Direct diode pumping of ti:sapphire promises new life for the most-widely used ultrafast technology for basic science research, as well as for the bio-medicine and micro-machining.
Introduction
Ti:sapphire has been the workhorse gain medium for a myriad of applications in research and industry. However, ti:sapphire amplifier systems have not yet found broad use outside basic research depite the exceptional performance of the material. This stems from the fact that Ti:sapphire amplifier systems use complex and expensive intracavity-doubled lasers for pumping. Yb-based ultrafast lasers, on the other hand, compromise ultrafast pulse performance for the low cost, practicality and increased reliability allowed by direct diode pumping.
More recently, with the commercial availability of high-power blue and green laser diodes, direct diode pumping for low-power CW and modelocked lasers has been demonstrated[1-3], including for full kerr-lens modelocked ~10 fs ultrafast lasers. However, the real potential for direct diode pumping is in scaling-up power to demonstrate new capabilities beyond simply replacing the pump source. In this presentation we explore the use of high-power fiber-coupled diode modules for power scaling of direct dioe-pumped ti:sapphire (DDPTS). In this work, using 50-100W pump light at 450 nm, we demonstrate what is to our knowledge a new record CW power for a simple ti:sapphire laser: 11W; and what we believe to be the first direct diode pumped Ti:sapphire (DDPTS) regenerative amplifier. We discuss the challenges in pumping with high NA, non-polarized diode light, (relatively) low brightness 450nm diode sources. Also discussed is the implementation of a direct diode pumped kerr-lens modelocked Ti:sapphire oscillator based on 1W 520nm spectrally combined diodes; using this laser we demonstrated the first ever fully diode pumped Ti:sapphire amplifier system. Figure 1 shows the direct diode pumped Ti:sapphire laser system. The oscillator is pumped by 4 x 1W single emitters at 520nm, which are spectrally combined. Due to the large bandwidth of the InGaN devices, only 1.9W of usable light was obtained.
DDPTS
However, the excellent M 2 <1.3 in the fast axis allows for a tight focus in this dimension and reliable modelocking. The output of the oscillator is 40mW modelocked with spectra supporting 12fs pulses. The amplifier consists of a 10mm x 8mm normal-incidence Ti:sapphire crystal cooled to -160 C, and held under vacuum. Pump light from the 450nm, 50W lasers is fed into a 200µm, 0.22NA fiber and imaged onto the crystal. A matched cavity is then set up to first implement lasing, with the regenerative components (Faraday chain, and EO pockels cell) then inserted. Figure 2(a) shows the average power of the amplified pulses at repetition-rates from 50-250kHz, pumped with a single 50W 450 nm module ( figure 2(a) ). Given the relatively low brightness of the pump, the threshold power for gain in the regenerative amplifier is relatively higher, resulting in relatively low overall efificency. However, the potential for rapid power scale-up with more pump power exists. Using two pump lasers in a double-focus cavity, much higher power CW operation was possible. Figure  2 (b) shows output power of this cavity using a 5% output coupler. The 11W CW output with 100W 450nm pump light demonstrates a good (not-yet-optimized) slope efficiency of 26%, and the 11W CW output is to our knowledge a new record for CW ti:sapphire using solid state pumping schemes.
Conclusion and Summary
We have demonstrated the first all DDPTS amplified laser system. The potential for Ti:sapphire for low cost, high power, high performance ultrafast lasers now exists. Continued development employing higher-brightness blue diode sources (development of which is driven by large-scale lighting applications) , improved cavity and pump geometries and components should allow rapid scaling to >100W. This work supported by DOE under grant DE-SC-0009707. 
